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(54) METHOD OF PRODUCING ORGANIC EL ELEMENTS, ORGANIC EL ELEMENTS AND 
ORGANIC EL DISPLAY DEVICE 



(57) A method of manufacturing an organic EL ele- 
ment according to the present invention comprises the 
steps of forming pixel electrodes (801). (802). (803) on 
a transparent substrate (804) and forming on the pixel 
electrodes by patterning luminescent layers (806). 
(807). (808) made of an organic corrpound by means of 
an ink-jet method. According to this method, it is possi- 
ble to carry out a high precise patterning easily and fo a 
short time, thereby enablirKi to carry out optirr^tion for 
a film design and turnnescent characteristic easily as 
weii as making it easy to acjust a luminous efficiency. 
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The three colorB are red. green and Uue. and it is preferable that the red luminescent layer and the green luminescent 
layer are patterned by means of an ink-jet method. In this case, it is more preferable that the blue luminescent layer is 
formed by a vacuum deposition method. Further, it is preferable that the blue luminescent layer is made of an electron 
irjection and transfer type material, such as an aluminum quindinol complex. 

5 in the manufacturing method tor the organic EL element according to the present invention, it is preferable that at 
least one tuminescer^ layer is laminated with a hole injection and transfer layer, and it is also preferable that a protective 
film is tormed on the counter electroda 

in the manulacturing method for the organic EL element of the present Invention, it is preferable that the transparent 
substrate is provided with thin film transistors tor driving respective pixels. 

10 Further, it is preferable that the pixel electrodes are tormed into a transparent pixel electrode. 

Furthermore, the organic EL element of the pres^ invention is provided with a transparent substrate, elec- 
trodes formed on the transparent substrata at least one luminescent layers having a certain color and made of an 
organic corrpound, the luminescent layer being patterned on the pixel electrodes by an ink-jet method, and a counter 
electrode formed on the luminescent layer. 

IS It is preferable that the organic conipouxf is a polymer organic compound, and it is more preferable that the poly- 
mer organic compound is a hole injection and transfer type material. 

Moreover, it is preferable that the polymer aganic compound is a polyparaphenytene vinylene or its derivative or a 
copolymer containing at lea^ one of them. 

It is preferred that the at least luminescent layer includes three layers having different three colors, and it is prefer- 
20 able that two layers thereof in the fominescent layers of three colors are patterned by an ink-jet method. The three colors 
are red. green and blue, and it is more preferable that the red luminescent layer and the green luminescent layer are 
separately patterned by an ink-jet method. In this case, it is more preferable that the blue luminescerrt layer is formed 
by a vacuum deposition method. 

It is preferable that the blue luminescent layer is made of an electron irijection and transfer material. As for such a 
25 blue luminescent layer, a layer containing an aluminum quinolynol conrplex can be mentioned. 

Moreover, it is preferable that at least one luminescent layer is laminated with a hole injection and transfer type 
layer, and it is more preferable that a protective film is tormed on the cathode. 

Furthermore, rt is preferable that the pixel electrodes are formed into a transparent pixel electrode. 

Moreover, the organic EL display device accenting to the present invention is characterized in that it includes the 
-50 organic El^ element described in tha above.- — - 

BRIEf-eESeRIPTHON-ef^THE<>^^ — 

Fig. 1 is a sectional view which shows a first embodiment of a marxjfoctia'ing method for an organic EL element 
35 according to the present inventioa 

Rg. 2 is a sectional view which shows a second embodimefit of a manufacturing method for an organic EL eiemerrt 
according to the preset invention. 

Rg. 3 is a sectional view which shows a third embodiment of a manufacturing method for an organic EL element 
according to the present inventioa 

40 Ftg. 4 is a sectional view which shows a fourth embodiment of a manufacturing method for an organic EL element 
according to the present inventioa 

Ftg. 5 is a sectional view which shows a fifth embodiment of a manufactuing method for an organic EL element 
according to the preset inventioa . . 

Rg. 6 is a sectional view which shows an eocample of the organic EL element according to the present invention. 

45 Fig. 7 is a sectional view which shows an example of an oeganic EL display device using the organic EL element 
according to the present inventioa 

Fig. 8 is a diagmm which shows an example of an active matrix type organic EL display device using the organic 
EL element according to the present inventioa 

Fig. 9 is a sectional view which shows an example of a manufacturing method of the active matrix type organic EL 
50 display device. 

Ftg. 10 is a perspective view wftich shows an example of a configuration of a head for an ink-jet method which is 
used in the manufacturing method of the organic EL element according to the present invention. 

Rg. 1 1 is a sectional view of the nozzle part of the head for an ink-jet method which is used in the manutactunng 
method of the organic EL element according to the present invention. 

55 Rg. 12 is a diagram which shows another embodiment of an organic EL display device according to the present 
invention. 

Rg. 13 is a schematic perspective view of an organic EL (tisplay device according to the present invention. 

Fig. 14 is a diagram which shows an example of the waveform of the driving voltage applied to the electrodes. 
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Ftg. 15 is a partial secHoruJ view which shows another enibodimerrt of an organic EL element according to the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

5 

In the foitowing, the manufacturing method of the organic EL element and the organic EL element according to the 
present invention will be described in detail based on the preferred embodiments shown in the accompanying drawings. 

Fig. 1 shows a first embodiment of the manufacturing method of the organic EL element according to the present 
invention. This figure shows the manufacturing method of a full color organic EL element with three colors As shown in 
10 the figure, this invention is directed to a method of manufacture an organic EL element which comprises a step of 
forming pixel electrodes 101. 102 and 103 on a transparent substrate (transparent support) 104. a step of patterning 
luminescent layers 106 and 107 which are made of organic compourds on the respective pixel electrodes, and a step 
of fbrming a cathode 1 1 3. wherein the method is characterized in that the formation of the luminescent layers is carried 
out by means of an ink«jet method. 

T 5 The transparent substrate 1 04 functions not only as a support but also as a surface through which light is taken out. 
Accordingly, the material for the transparent substrate 104 is selected by taking the light-permeability, thermal stability 
and the like into consideration. As for examples of the material to be used for the transparent substrate, glass, transpar- 
ent plastic or the like can be mentioned, and among these materiais. a substrate made of glass is particularly preferable 
in view of its excellent heat resistance. 

20 In rrcre details, the first, pixel electrodes 101, 102 and 103 are formed on the transparent substrate 104. As for 
examples of methods of forming these pixel electrodes, photolithography, vacuum deposition method, sputtering 
method and pyrosol method can be mentior)ed. Among these methods, the photolithography is particularly preferable. 
As for these pixel electrodes, it is preferred that they are formed into transparent pixel electrodes. As for the materials 
constituting the transparent pixel eiectrodes, a tin oxide film, an iTO (indium tin oxide) film and a composite oxide film 
25 of indium oxide and zinc oxide can be mentioned. 

Next, partitioning walls (banks) 105 are formed to fiO the spaces between the pixel electrodes. 

In this way. it is possible to improve the contrast, to prevent mixing of colors of the luminescent materials, and to 
pr^ent light from leaking between the pixels. 

As for the materials constituting the banks 1 05. no particular Bmitation is imposed, if they have a resistance to the 

- — 30 - soNent for the Et materiair For example,-organic nfiaterial such as acrylic resin.-epoxy resin, photoserisitive polyimide 

and the like; and inorganic material such as liquid glass and the like can be mentioned. In this regcud, it is to be noted 

banks 1 05 may be formed Into a black resist which is formed by mixing carbon black and the like into the above- 

mentioned material. 

As for examples of the forming method for the banks 105, photdltho^aphy and the like can be mentioned. 

35 Further, organic luminescent layers are formed respectively on the pixel electrodes according to a predetermined 
pattern. In this case, it is preferable to provide organic luminescent layers with three color types. In this connection, it is 
preferred that at least one layer anx)ng these organic luminescent layers is formed by an ink-jet method. 

In the embodiment shown in Rg. 1. a red luminescent tayo' 106 and a green luminescent layer 107 are formed on 
the pixel electrodes 101 and 102. respectively, by the ink-jet method 
40 In the above deschptior«. the term Ink-jet methocT is used to mean a method of forming a pixel of one of the three 
primary colors including red, green and blue or a pixel of at least one color which is intermediate between the primary 
colors by dissolving or dispersing a luminescent material in a solvent to obtain a discharge liquid and then discharging 
the discharge liquid from a head 110 of an ink-jet device 109. 

According to such an ink-jet method, it is possible to carry out ffoe patterning in a stmpie manner arvj in a short 
45 time. Further, it is also possible to control easily and freely the luminescent characteristics such as color balance and 
brightness (luminance) by acQusting the thickness of the layer throi^h ac^ustment of the discharge amouit of the ink or 
by adjusting the ink concentration. 

When the organic luninescent materials are conjugated polymer precursors described later, the luminescent layers 
are formed by discharging the iumfriescent materials by the ink-j^ method to cany out patterning, and then conjugating 
SO (to form a film) the precursor components by heating or irradiation with light or the Bke. 

Next as shown in Rg. 1 . a blue luminescent layer 1 08 is formed on the red luminescent layer 1 06, the green lumi- 
ne^nt layer 1 07 and the pixel electrode 1 03. In this way. it is possfole not only to form layers having the three primary 
colofs including red, green and blue, but also to bury the level differences between the banks 105 and each of the red 
iuninescent layer 106 and the green luminescent layer 107 so as to be flattened. 

55 No particular limitation is inposed upon the forming method for the blue luminescent layer 1 08. and it is possible to 
form the layer using the general film forming method known as deposition method or wet method, for instance, or using 
the ink-jet method. 

Further, the blue luminescent layer 108 can be formed of cvi electron injection and transfer material such as alumi- 
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num quindynol oonfipleoc. In mis cass^ it is possible to promote the injection and transfer of me carriers so as to improve 
me (uminous effictencyi Furthermore, when such a blue luminescent layer 108 is laminated wim red and green lumines- 
cent layers formed of a Me injection and transfer material described later, it is also possible to inject and transfer the 
electrons and the holes from the respective electrodes into mesa laminated luminescent layers wim appropriate bal- 
ance, mereby enabling to improve me luminous efficiency. 

Moreover, when such a blue luminescent layer 108 is laminated wHh me red and green luminescent layers made 
of a hole ir^ ection and transfer type material, me function of hole injection and transfer and me function of electron injec- 
tion and transfer can be assigned separately to different layers, so that optimum design can be selected for the respec- 
tive materials. No particular limitation is im(X)sed upon the forming method of such an electron injection and transfer 
layer, and it is possible to fbrm me layer by using, for exanple, the general film forming method krKwn as deposition 
method or wet method or me inki'et method. 

In mis connection, as for an organic conpound which can form an electron injection and transfer layer, oxadiazole 
derivative such as PBD. 0X0-8 and the like, OSA, aluminum quinolinol complex, Bebq. triazole derivative, aiornemine 
conpiex. porphine corrplex. benzoxadiazol and me like can be mentioned. In mis case, an electron injection and trans- 
fer layer can be formed from just one of mese materials, or formed by mixing or laminating one of or two or more of 
mem. In addition, the electron injection and transfer layer may be formed by doping a fluorescence dye described later 
to the organic conpound described. Furmer, me electron injection and transfer layer itself may have a function of lumi- 
nescenca 

As described above, in this embodiment, organic luminescent layers for two colors are formed by me ink-jet method 
while me layer for me remaining one color Is formed by a different rnemod. Therefore, according to mis embodiment, 
even when a luminescent materiaJ which is not so suited for me ink-jet rnemod is used, a full color organic EL element 
can be formed by using such a material in a combination wim other organic luminescent materials mat are suited for 
me ink-jet method, so that the latitude in me design for the EL element will be expanded. 

As tor examples of me forming method for me luminescent layer omer man me ink-jet rnemod, photolithography 
method, vacuum deposition method, printing method, transfer method, dipping rnemod. spin coating rnemod, casting 
method, capillary rnemod. roll coating method, bar coating rnemod and me like can be mentioned. 

Finally, a camode (a counter electrode) 1 13 is formed, mereby the organic EL element of the present invention is 
corrpleted. In mis case, it is preferred that the cathode 1 13 is formed into a metallic min film electrode, and as for exam- 
ples of the metal for forming me camode. Mg. Ag. Al. Li and me like can be mentioned, in addition, a material having 
small work function can be used ter me-material for the camode 113, and for exarTple, alkali metal, alkali earm metal 
such as Ca and me like, and alloys containing mese metals can be used. Such a camode 113 may be formed using a 
deposition rnemod.^a sputtering method or me lika 

The organic EL element of me present invention is manufactured through me processes descrtoed in the above 
Namely, as shown in Fig. 1. the pixel electrodes 101 and 102 are provided on me transparent substrate 104, the red 
luminescent Iayer106 and me ^een luminescent layer 107 which are made of organic compounds are men formed on 
me pixel electrodes 101 arxJ 102. respectively, by patterning by using the ink-jet rnemod, and then the blue luminescent 
layer 108 is formed on me luminescent layers 106 and 107 and me pixel electrode 103 by me vacuum deposition 
method. Thereafter, me camode 1 13 is formed on top of me blue Iwninescent layer 1 08. thereby me organic EL element 
according to me present invention is completed. 

Former, as shown in Fig. 6, a protective fim 415 may be formed on top of a camode 413. By forming such a pro- 
tective fim 415, it becomes possfole to prevent deterioration, damage; peeling and me like from occurring in me cam- 
ode 413 and in me luminescent layers 406, 407 and 408. 

As for materials for constructing the protective film 415. epoxy resin, acrylic resia liquid glass and me like can be 
mentioned. Furmer, as tor examples of the forming method for the protective film 415. spin coating rnemod. casting 
method, dipping method, bar coating rnemod. roil coating method, capillary method and the like can be mentioned. 

In mis embodiment it is preferable that mese luminescent layers are formed of an organic compound, and it is more 
preferable that mese luminescent layers are formed of a polymer organic compound. By providing such luminescent 
layers that are formed of me organic compound, it is possible to obtain high brightness surface luminescence at tow 
voltages Furmer, since luminescent materials can be selected from wide range of field, a rational design tor me lumi- 
nescent element becomes possible. 

in particular, polymer organic compounds have an exceflent film formation property, and the luminescent layers 
composed of polymer organic compounds have an extremely good durability. Former, mese polymer organic com- 
pounds have a band gap in the visible region and a relatively high electrical conductivity. Among such polymer organic 
compounds, a conjugated polymer can exhibit such propertiee prominently. 

As tor materials tor me organic luminescent layers, polymer organic compound itself, precursor of conjugated 
organic polymer compound which is to be conjugated (to form a film) by heating or me like, and omer materials are 
used. 

When a precursor prior to conjugation (to form a film) is used as a luminescent material, the viscosity or me like of 



5 




EP0 880303A1 



renoo froquonqf can be said to a oonposition that d^oratee the manufacturing efficiency of the EL eJement by the 
mk-iit method. On the practical level, an occurrence frequency of the bend in the jetted directton is required to be more 
/ than 1000 seconds. 

By preventino such bend in the Jetted direction from occurrfrtg. it becomes possfcle to carry out a highly fine pat- 
5 terniigwittthighpredsjon. 

Further, ft is preferable that the viscosity of the conposHion is 1 to 20 cft and more preferably 2 to 
fty ot the oonposftton is less than Icpi the contents of the precursor and the fluorescent dye in the material are too 
sm^ 80 that the luminescem layer which is formed cannot eKhbit luminescence power sufficienlly. On the other hand, 
ft ft exceeds 20cp. It is impossible to discharge the composition smoothly from the nozzle, and it becomes difficult to 
10 cairy out patterning unless otherwise such a change in the spedRcation as the enlargement of the diameter of the noz- 
zle hole is introduced. In addition, when the viscosity of the composition is high, pre ci pitation of the solid conponents 
in the composition tends to occur, thus leading to an increased occurrence frequency of clogging of the nozzle hole. 

Furthermore.fti8pref6rablethattha composition fw the surface tension of 20 to 70 dyne/cm, and more preferably 
25to40 dynefom. By restricting the surface tension to such a range, ft is possfole to suppress the bend in the jetted 
T5 direction and suppress the occurrence frequency of the bend in the jetted dfrecticn to a low lerel. in the same marm er 
as the case of the above^entfoned contact angle. If ffie surface tension is less than 20 dynM^n, the wettabifity of the 
conposition with respect to the material constituting the nozzle surface increases, which results in the occurrence of 
the bend in the jetted direction, and an increase iri the oocurrenoe frequency of the bend in the jetted direction, similar 
to the case of the contact angle On the other hand, ft ft exceeds 70 dyne/cm, the shape of the meniscus at the tp of 
20 the nozzle is not stable, which results in the difficuity in the control of the amount and the timings of discharge of the 
oonposition. 

Further, as tor the composition of the organic luminescent material suitable for the manufacturing method of the 
organic EL elemerft of this invention, it needs to satisfy the condition on the nurnericai range for at least one of the char- 
acteristics includng the contact angle, the viscosity and the surface tension deserfoed above. In this connection, a com- 
25 position which satisfies the conditions for the arbitrary combination of two characteristics is more preferable, and a 
oonposftion which satisfies the conditions for all the characteristics is most preferable. 

Ftg. 2 shows a second embodiment of the manufactuing method of the organic EL element according to the 
present invention. 

In this second errPodiment after formation of pixel electrodes 201, 202 and 203 and banks 205 on a transparent 
30 - substrate 204ra red lumirieecart layer206 aito a'^^ 207 are fdrm^ by using an ink-jet method in 

the same manner as the first embedment 

rh& 55certo"embodj^ is'dfffef^ from'the ffrsTe^^ in the pdrt that a hole ftigectfon and transfer layer 
20B is formed on the pixel electrode 203 and then a blue lumineBcem layer 210 is laminated on the layer 208. By the 
lamination of the hole injection and transfer layer 208 with the blue luminescent layer, it becomes possible to promote 
35 the Ir^ection and transfer of the holes from the electrode to improve the luminous effidency as mentioned above. 

Thus, in the manufacturing method for the organic EL element according to the present invention, it is preferable to 
lamfoate a hole injection and transfer layer with at least cwie luminescent layer with a certain cotor. In this way. it is pos- 
sfole to irrpreve the luminoiis effidency and to inprove the stabifty of the thin film element itself. 

In this case; at the vidnity of the interface between the luminescent layer and the hole injection and transfer layer 
40 whicharelamjnatedwitheachother.apartoftoematerialscontainedineitheroflayersmay exist in the state of mutual 
impregnation and dftfusing into the other layer. 

It is preferable that the hole injeetton and transfer 208 is a non-kannescent layer. With this arrangement it is 
posdUe to make a region of tie blue luminescent layer 210 positioned above tie pixel electrode 203 to be a lumines- 
cent portloa tiereby anabino to fabricate a full cdor organic EL element more easily. 

45 ^to particular lirrvlation is toposedipon toe forming method for such a hole Section and transfer layer 208 . but for 
exanpla ft is possible to form toe layer by using toe ink-jet method, in tois^. it becomes possible to arrange the hole 
injection and transfer layer 208 precisely wfth a predetermined pattern. 

As for Qxanpies of tie material constituting the hole injection and transfer layer 208, aromatic diamine based com- 
pound such 88 TPO: MTDATA; quinacridone; bissta anthracene derivative: PVK (polyvinyl cartazole); phthalocyanine 
so based conpiax such as copper phthalocyanine; porphin based compound: NPD; TAD; polyaniline: and the like can be 
mentioned. Among these materials. PVK is partioffaly preferred. By using PVK, it becomes possftjle to form a non-lumi- 
nescent hole injection and transfer layer. 

Further, toe organic EL element according to the present invention can be obtained by forming a blue luminescent 
layer 210 and a cathode 21 1 in the same way as toe first enfooefiment. The matoials constituting toe blue luminescent 
55 layer 210 and toe cathode 21 1 arxf tha manufacturing method thereof are toe same as those of toe first entoodlment. 

Ftg. 3 shows a third emboefiment of toe manufacturing method for toe organic EL element according to toe present 
invention. 

In tots third embodiment after the formation of pixel electrodes 301, 302 and 303 and banks 305 on a transparent 
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iment can be also appfied to the case where banks are provided to form respective pixels like the previous embocfi* 
ments. 

The organic EL eiemefrt of the present invention can be manufactured acooidng to the manufacturing methods 
described above with reference to the embodim^rts. However, the present invention is not limited to the structures pro< 
5 video by these methods, and the following structures can be adopted, tor instance 

Fig. 1 5 is a partial cross-sectional view which shows other embodiment of an organic EL element accorcfing to the 
present invention. 

The organic EL element of tNs embodiment has a construction in which a reflection layer 62. a transparent conduc- 
tive film (ITO film) 63, a hole injection and transfer layer 64. an organic luminescent layer 65, a metal layer 66 and a 
10 transparent conductive layer (ITO f3m) 67 are laminated on a transparent substrate 61 In this order. Hereinbelow. the 
materiais and the manufacturing methods of the respective layers (ffims) are descrt>ed, in which a description is made 
only for the differences from the previous errtxxfments and the comrrxxi ei^anation is omitted. 

In the organic EL element according to this embodment. on the transparent s u b strat e 61, the reflection layer 62 
which is nf^e from a metal thin film such as Al is provided directly. 

IS The metal layer 66 which is laminated onto the luminescent layer 65 as a cathode is extremely thin (approximate 
to 10 to 50 A), so that the metal layer has a tight permeability so as to pass emitted fight from the luminascent layer 65 
therethrough. On the other hand, since the metal layer is extremely thin, its value of resistance is high and therefore its 
conductivity is insufficient Therefore, the metal layer can not sufficiently exhibit function as the cathode. For this reason, 
the transparent conductive him (ITO him) 67 is laminated onto the metal layer 66. In this connection, it is to be noted 
20 that such a metal layer 66 can be made from Al-U alloy or the like for example, and it can be formed using the vacuum 
deposition method, sputtering method or the Ilka 

By usir^ the above described construction, light which is converted in the fummescent layer 65 from a current 
which has been injected from the electrcxles is transmitted in the direction indicated by the arrow in the drawing. With 
this result it becomes possible to taka out the light without passing through the transparent substrate 61 . so that a dis- 
25 play with a higher brightness becomes posable. 

Fig. 7 is an iDustration which shows an embodment of an organic EL dsplay device according to the present inven- 
tion. 

In this ennbodment a bus line (gate line) 51 1 made of Al is formed on a glass plate 501 by means of a photolilhog- 
raphy pattemmg method, and a thin film trarreistor (nr^ shewn in the drawing) is formed thereon to constitute the ITO 
30 transparent pixel electrode 504 and the like. Then, as is the sarne manner as the f^ entoedimert, a red luminesce 
layer 502 and a green luminescent layer 503 are formed by means of the ink-jot m^hod. and then a blue luminescent 
layer 505 is formed by meanrof the vacuum deposition method. Thereafter, a cathode 506 Is formed by means of the 
vacuum deposition method, thereby constructing the organic EL element same as the first ennbodiment desabed 
abore. 

35 In addition, a protective base material 507 is stuck onto the transparent substrate 501 in a fixed manner by means 
of a peripheral seal 509. 

Next this assembly is placed in an bert gas atmosphere such as argon gas or the like, and thereby introducing the 
inert gas inside thereof from a seal opening 513 and then the seal opening 513 is sealed with a seal member 508. By 
filing the inside of the assembly with the inert ^ 51 and then sealing it as described ^bove. it becomes possible to 
40 protect the organic EL elemert from extern^ contamination such as moisture or environmental changes, thereby ena- 
bling to maintain the luminescent characteristics of the organic EL (tisplay donca In this case, it is preferred that the 
seal member 508 is formed form a material through which the in^ gas 512 does not penetrate. 

A silver paste 510 has a function that realizes a contact between the cathode 506 and the gate line 51 1 on the ele- 
ment 

45 Qate fines 51 1 are provided to control ON and OFF of the thin film transistors (TFT), which are provided in the 
respective cfisplay pixels, in each fine of the pixels in order to select pixels to be displa)^ Ifoon writing, potential of the 
gate line tor one tine of pixels is turned into a selected level, ther^ bringing the TFTs on this line into a conductive 
stata At this time, by supplying picture signals for the corresponding pixels from the source electrode wires of the 
respective lines (not shown in the drawing), the voltages of the picture signals are appfied to the pix^ electrodes 
so through the TFTs, thereby enabting to char^ the potentials to the pixels to a level of a signal voltage and then dis- 
charge them. 

Fig. 8 is an illustration which shows other ernbodirnem of an active matrix type organic EL display device using the 
organic EL element according to the present invention. This organic EL display device of tNs ennbodiment includes ah 
pixel arrangment comprised of a pforality of luminescent pixels which are arranged in a matrix form and which are 
55 formed into any one of R. Q and B luntinescent elementa 

As shown in this figure, on the substrate (not shown), there are provided sagnai fines (signal electrodes) 601 and 
gate tines (gate electrodes) 602 which are arranged in a matrix form so as to be orthogonal to each other. Further, in 
each of the pixels, a tNn film transistor (TFT) 604 which is connected to both the signal line 601 and the gate line 602 
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is pronded, and a luminescent layer 605, 606 which is formed of the oi^nic EL element and connected to the TFT is 
laminated on the TFT In this case, at least one luminescent layer for any one of colors R. Q. B is formed by means of 
the inki^ method. 

Rg, 9 .»s a sectior«l view which shows one example of the rr^nufecturing method of the active matrix type or^nic 
5 EL (£s0ay device according to the present invention. 

Rrst on a transparent substrate 904, predetermined thin film transistors 915 as well as gate lines and signal lines 
(not shown) and the like are formed. Next, on respective pixel electrodes (ITO) 901, 902. 903 which are respectrvely 
provided with prescribed functional elements such as the thin fim transistors 915, hole injection and transfer layers 91 1 
are formed so as to cover the respective pixel electrodes. As for the hole ir^ection and transfer type material, the same 
10 materials that are discussed in this specification with reference to the previous embodiments can be used. Further, the 
method of forming the hole injection and transfer layer 91 1 is not limited to a specific method, and it is possible to form 
the layer by means of any method described above. 

Further, respective luminescent layers 906 (red), 907 (green) and 908 (blue) are formed by patterning. In the for- 
mation of these luminescent layers, at least one layer for one color is formed by the ink-jet method using an ink-jet 
15 device 910. 

Rnaily. a reflection electrode 913 is formed, thereby completing the organic EL display device according to the 
present invention. As for the reflection electrode 913, Mg - Ag electrode having a thickness of about 0.1 to 0.2 pm or 
the Oke is formed, tor Instance. 

In the above-mentioned embodiment concerning the active matrix type organic EL display device according to the 
20 present invention, a thin film transistor is used as a switching element, but the present invention is not limited thereto. 
Other svitching elements and two-terminal element such as MiM can be used. Further, the display device may be con- 
figured into a passive drive type or a static drive type (static image, segment display). 

Furthermore, the number of the switching element is not limited to one per one pixel. A plurality of switching ele- 
ments may be provided per one pixel. 

25 Rg. 12 shows an embodiment of an organic EL display device in which a plurality of switching elements are pro- 
vided per one pixel. In this embodiment, a switching type thin film transistor 142 carries out a role that transmits the 
potential at a signal electrode 132 to a current thin film transistor 143 in response to the potential at a scanning elec- 
trode 1 31 , and the current thin film transistor 1 43 carries out a role that controls electrical connection between the com- 
mon electrode 133 and the pixel electrode 141. 

30 Next refwring to the drawings; a desaiption is made with regard to an embodiment of a passive matrix t^e'(sirrple 
matrix type) organic EL display device using the organic EL element according to the present invention. 

‘ Rgri3Ts a perspective view which roughly shows a structure of the organic EL display device according to the' 
present invention. 

As shown in the drawings, in the organic EL display device of this embodiment, a scanning electrode 53 and a sig- 
35 nal electrode 54 which are formed into an elongated strip, respectively, are arranged outside the organic EL element 52 
so that scanning lines exterxling from the scanning electrode 53 and the signal lines extending from the signal electrode 
54 are orthogonal to each other through the organic EL element. 

Such a passive matrix type display device is driven by selecting scanning lines of the scanning electrode 53 in a 
pulsed manner in a sequential order while a voltage is applied to signal lines of the signal electrode 54 corresponding 
40 to pixels to be displayed on the scanning lina Such selection of the lines is carried out by a controller 55. 

In this connection, it should be noted that in a case of the passive drive type display device. It is necessary that a 
cathode is patterned so as to be separate forms to correspond to each of lines. For example, when a thin cathode hav- 
ing a thickness of about 0.2 is formed according to the third embodiment such separate forms of the cathode can 
be automatically obtained soice the cathode is separated by the banka. 

45 Such a cathode is formed by the patter formation performed by a masking deposition method or a laser cutting 
method, for instanca 

Rg. 14 is a diagram which shows one example of wave forms of drivir>g voltages applied to the scanning electrode 
13 and si^al electrode 14. respectively. The wave forms shovn In the drawing are determined so as to be able to apply 
a voltage Vs which is sufficient to luminescence to selected pixels. Further, the brightness of a pixel to be displayed is 
50 controlled through the width of the pulse from the signal electrode 14 that has been determined so as to meet with a 
.gray scale of the brightness to be displayed. On the other hand, a voltage Vn which is lower than a luminescent thresh- 
old voltage is applied to respective non-selected pixels. 

In Rg. 14, Tf shows a scanning timing. In this case, the scaruiing signal is driven by a pulse having a duty ration of 
1/100. In this connection, it has been confirmed that the luminescence of the bluo luminescent layer 808 of the organic 
55 EL display device comprised of the organic EL elements of the fourth embocfiment was a brightness of 1 00 cdAn2 at a 
driving voltage of 20V. 
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EXAMPLES 

( Manufacturing of Organic EL Bements) 

5 (Exanple 1) 

As shown in Rg. 1. on the glass substrate 104. 170 transparent pixel electrodes 101, 102 and 103 were formed by 
means of photolithography so as to form a pattern having a pitch of lOO^m and a thicfmess of O lfim. 

Then, the spaces between the ITO transparent pixel electrodes were buried, and then banks 105 which act not only 
10 as a light cut-off layer but also an ink drop preventing wall were formed by photolithography. In this case, the banks 105 
were designed so as to have a width of 20pm and a thickness of 2.0pm. 

Further, after the pattern formation with red and green luminescent materials shown in Table 1 and Table 2 which 
were jetted from the head 1 10 of the ink-jet device 109, they were undergone heat treatment under a nitrogen atmos- 
phere for hours to polymerize the precursors in the compositions of the materials, thereby forming luminescent layers 
rs 106 (red) and 107 (green). 

Then, by carrying out a vacuum deposition of aluminum quinolynol complex to which perylene condensed aromatic 
was added as a dopant, a blue luminescent layer 108 of the electron injection and transfer type having a thickness of 
0.1 pm was formed. 

At the last, a Mg - Ag electrode 1 13 having a thickness of 0.8 pm was formed as a cathode using a vacuum depo- 
20 sition method to obtain an organic EL element 

(Example 2) 

In the same manner as Example 1. ITO transparent pixel electrodes 201. 202, 203 were formed on a glass sub- 
25 strate 204 as shown in Rg. 2. Thereafter, the spaces between the ITO transparent pixel electrodes were buried and 
then resists (partitioning walls) 205 made of a light-sensitive polyimide and functioning not only as a light cut off layer 
but also an ink drop preventing wall were formed. 

Then, after coating and pattern formation of read and green luminescerrt materials shown in Table 1 and Table 2. 
respectively, by using an ink-jet device 209 in the same way as the Example 1. they were undergone heat treatmerrt 
urdv^il^'rtrog^aitT^ to polymerize the precursors in the compositions of the materials, thereby 

forming luminescent layers 206 (red) and 207 (green). 

Next a hole injection and transfer layer made of polyvinyl caibazole (PVK) was patterned on the transparent pixel 
electrode 203 by means of the ink-jet device 209. Then, a blue luminescent layer 210 was formed by coat'ng the pyra- 
zoline dimer on top of the hole injection and transfer layer. 

35 Finally, an A1 - Li electrode 211 having the thickness of 0.8 pm was formed as the ^thode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Example 3) 

40 First ITO transparent pixel electrodes 801, 802 and 803 arxt banks 805 were formed on a glass substrate 804 as 
shown in Rg. 4 in the same way as Example 1 . 

Next an organic hole injection and transfer type material was mixed in the luminescent materials shown in Table 1 
and Table 2 to form luimiescent layers 806 (red). 807 (green) and 808 (blue) by using an ink-jet device 809. 

Next the vacuum depositksn was carried out usir^ the aluminum quinolynol complex to which the doping was not 
45 carried out to form an electron ir^ection and transfer layer 81 1 having the thickness of 0.1pm. 

Rnafly. an A1 - Li electrode 813 having the thickness of 0.2 pm was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. 

(Example 4) 
so 

. In the same way as Exanple 1 . ITO transparent pixel electrodes 301 . 302 and 303 and banks 305 were formed on 
a glass substrata 304 as shown in Rg. 3. 

Next after coating and pattern formation with red and green luminescent materials shown in Table 1 and Table 2. 
respectively, by using an ink-jet derice 310 in the same way as Exarrple 1, they were undergone heat treatment under 
55 a nitrogen atmosphere for four hours to polymerise the precursors in the compositions of the materials, thereby forming 
luminescent layers 306 (red) and 307 (green). 

Next a hole Section and transfer layer 308 made of polyvinyl carbazole (PVK) was formed on the entire surfaces 
of the luminescent layers 306, 307 and the transparent electrode 303 by means of the coating method. 
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Then, a blue luminescent layer 309 made of a distyryl derivative was formed on the hole injection and transfer layer 
306 by means of the vacuum deposition method. 

Rnally, an Al • U electrode 311 having the thickness of 0.8 \im was formed as the cathode by the deposition 
method* and thereby the organic EL eiement was manufactured. In this case, as d^crfoed above, the cathode 311 was 
5 autwnatically separated and then insulated by the formation of the banks 304, the cathode was brought into a concWon 

that is was patterned so as to correspond to the respective pixels 301, 302 arxJ 303. 

(Examples) 

10 Rrst in the same way as Example 1. TO transparent electrodes 801, 802 and 803 and banks 805 were formed on 
a glass substrate 804 as shown in Fig. 4. 

Then, after coating and pattern formation wHh the red, green and blue luminescwit materials by discharging poly- 
meric organic luminescent materials shown in Table land Table 2, respectively, using the ink-jet d^ce 809, they were 
undergone heat treatment under a nitrogen atmosphere at 150 *0 for four hoi^ to polymerize the precursors in the 
15 conpositions of the materials, thereby forming luminescent layers 806 (red), 807 (green) and 808 ^^e). 

Next the vacuum deposition was carried with the alumimin quinolynol complex to ^ich the doping v«s not earned 
out to form the electron transfer layer 81 1 having the thickness of 0. Ijim. 

Rnally. an Al - U electrode 812 having the thickness of 0.8 jim was formed as the cathode by the vacuum deposi- 
tion, so that the organic EL element was manufactured. 

20 

< Evaluation of the Luminescence Characteristics and the Rim Characteristics of the Luminescent Layers) 

The luninescence characteristics and the fBm characteristics of the luminescent layers of the organic EL elements 
which were manufactured in Examples 1 to 5 described above were evaluated according to the following methods. 

25 

1 . Luminescence Starting VoHage 

A prescribed voltage was applied to the element and the applied voltage at which a luminance of 1 od/m^ is 
observed w^ defined as the luminesc en ce sta rting voltage [Vthl. 

30 

2. Luminescence Life 

The initial luminance after applying a stabiHzation treatment was set to 100%, and the changes in the luminance of 
the EL element were measured when subjecting it to continuous luminescence through supply of a constant current of 
35 standard v^eform, wherein the luminescerx» life is defined as the time until the luminance drops to 50% of the initial 
luminance. 

In this case, the drive conditions for this experiment were set at 40*C for room temperature. 23% for humidity and 
20 mPJerr? for current density. 

40 3. Umiinance (Brightness) 

The luminance was measured, in which the current was set to 20 mA/cm?. 

4. Wavelength at Maximum Absorption 

45 

The wavelength at maxinixjm absorption for each luminescent layer was measured. 

5. Stabflity in Rim Formation 

so After heating the luminescent layer at 20*C for 60 minutes, conefitions for occurrence of defects such as cracks and 
deformation in the respective luminescent layers were observed by a microscope. 

The results of the evaluation were classified according to the following marls. 

@ • • • Extremely favorable 

55 O • • • Favorable 

X • * • Unsatisfactory 

The results of the evaluation are shown in Table 3 and Table 4. 
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As incflcated In Table 3 and Table 4, the luminescent layers in Examples 1 to 5 have excellent luminescence char- 
acteristics and excellent f flm characteristics. In particular, when the luminescent layers were formed of polymer organic 
conpouncb. no defects were observed In the luminescent layers, and extremely favorable thin films were obtained. 

In the above, the compositions tor the organic EL elements and the manufartunng methods tor the organic EL ele- 
5 ments according to the present invention have been described according to the embodments that are illustrated. How- 
ever, the present invention is not limited to these embodiments, and tor example, there rnay be inserted in the 
manufacturing processes for providing arty intermediate functional layers between the respective layers. Further, the 
fluorescent dyes which are added for changing the luminescence characteristics are not limited to those descrtoed 
above* 

10 Further, a layer made of, tor example, 1 ,2.4-triazole derivative (TAZ) may be provided as a buffer layer between the 
respective layers, thereby enabling to fTXxe irtprove the luminance, luminescence life and the lika 

Furthermore, the manufacturing method for the organic EL elements according to the present invention may 
include a further process in which sirface treatment such as plasma. UV treatment coupling or the like are applied to 
the surface of the resin resists, the pixel electrodes and the underlying layers in order to fadlrtate the sticking of the EL 
75 materiala Moreover, it is possible to apply the manufacturing method for the organic EL element of the present inven- 
tion to the manufacturing method tor the inorganic EL element. 

The organic EL display device according to the present invention may be applied to the low information field, sudi 
as segment display and still image display of whole surface simultaneous luminescence, tor example, display of pic- 
tues, characters, labels, or may be utilized as a light source having point, line, a surface shape. 

20 

INDUSTRIAL UTILIZATION 

As described In the above, acoorcfing to the manufacturing method of the organic EL element of the present inven- 
tion, it is possWo to ejplore rational design of the EL luminescent elements through a wide ranging selection of the 
25 luminescent materials. For example, through arbitrary combinations of the luminescent materials and fluorescent dyes, 
it is po88i)le to obtain wide variety of display lights. 

Further, by usng the agartic luminescent materials, it is possible to obtain the diversified designs of the EL element 
having high luminance arxl long life. 

Furthermore, by carrying out the pattern forming and arrangement of the luminescent layer for at least one color, 
30 the hole irij^cri”arid transfer lay^ arid the d^on injection and transfer layer by means of the ink-jet method, it is pos- 
sible to set arbitrarily and precisely the size and the pattern of the luminescent elements. 

‘;vfien a precureor, which can be conjugated (torni d filrti) by therrriosetting Is used as a luminescent material, the 
latitude in the setting of conditions such as viscosity can be expanded, arxl the adjustment of the conditioins suitable as 
a discharge liquid tor the ink-jet method can be facflitated. 

35 Further, according to the manufacturing method tor the orgaitic EL element of the present invention, corxlitions 
such as the film thickness, the number of dots and the like can be artiusted arbitrarily, so that it is possible to control 
readily the luminescence characteristics of the luminescent layers. 

Furthermore, according to the ink-jet method, it Is possible to move freely the h^ on the transparent substrate, 
thereby enabling to form an element with an arbitrary size without restricting the dimensions of the sibstrate. Moreover. 
40 since required anxxjnts erf materials can be arranged at required locations, it is possible to maximally exclude the use- 
lessness of waste liquid or the IBce. In this way, manufacturing erf a fiti) color display device with large screen size 
becomes possible at a low cost 
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Table 2 



PhysicaJ PropertiGS of Com- 
position lor EL Element 


Viscosity [cp] 


Surface Tension 
[dyne/cm] 


Contact Angle [ •] 


Example 1 


Red 


3.77 


32.9 


54.4 


Green 


3.72 


32.8 


59.0 


Blue 


- 


• 


- 


Example 2 


Red 


3.70 


32.6 


55.6 


Green 


7.73 


33.1 


59.8 . 


Blue 


3.88 


33.3 


60.0 


Examples 


Red 


4.85 


27.8 


47.8 


Green 


5.31 


25.8 


45,6 


Blue 


4.52 


28.2 


40.3 


Example 4 






33.5 


60.1 


Green 


3.75 


32.1 


59.7 


Blue 


- 


• 


• 


Examples 


Red 


3.80 


33.1 


55.0 


Green 


3.75 


32.9 


59.1 


Blue 


3.91 


33.2 


60.2 





Luminescence Starl- 
ing Voltage 


Luminescence Life [hr] 




V\^velength at Maximum 
Ai>sorption [nm] 




R 


G 


B 


R 


G 


B 


R 


G 


B 


■a 


G 


B 


Exanple 1 




2.2 


3.1 


80CO 


8000 


8000 


210 


230 


20Q 


600 


500 


400 


Example 2 


1.7 


1.8 


3.2 


10000 


10000 


9000 


230 


230 


180 


600 


500 


410 


Exarrple3 


■a 


3.5 


3.8 


4000 


5000 


4000 


150 


180 


100 


580 


510 


420 


Exarrple4 


1.7 


1.8 


2.2 


10000 


10000 


10000 


250 


250 


HQ 




530 


480 


ExarrpleS 


HQ 


3.2 


5.0 


5000 


5000 


5000 


200 


200 


HQ 


590 


530 


420 



so 
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Stability in Rim Fbrmatlon 




R 


G 


B 


Example 1 


® 




@ 


Example 2 






® 


Examples 


o 


o 


o 


Example 4 


® 


® 


® 


Examples 


® 


® 


® 
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aaims 

1 . A method of manufacturing an organic EL element conrprising the steps oL 

5 forming pixel electrodes on a transparent substrate; 

forming on said pixel electrodes by patterning at least one luminescent layer having a certain color and made 
of an organic conrpound; and 

fornxng a counter electrode opposing the pixel electrodes, wherein the formation of the luminescent layer is 
performed by means of an ink*jet method. 

JO 

2. The method of manufecturing an organic EL element as claimed in claim 1 . wherein the orgarric compound is a pol- 
ymer organic compound. 

3. The method of manufacturing an organic EL element as claimed in claim 2. wherein the polymer organic compound 

15 is a hole injection and transfer type material. 

4. The method of manufacturing an organic EL element as daim^ in dafoi 2 or 3, wherein the polymer organic com- 

pound is a pclyparaphenylene vinylene or Its derivative or a copolymer which contains at least either one of these 
compounds. . — 

20 

5. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 4, wherein said at least 
one lurninescem layer comprises three luminescent layers having different three colors, and at least two lumines- 
cent layers in the three luminescent layers are formed by patterning by means of an ink-jet method. 

25 6. The method of manufacturing an organic EL element as daimed in daim 5, wherein said three colors indude red, 
green and blue, and the red luminescent layer and the green luminescent layer are formed by patterning by means 
of an ink-jet m^od. 

7. The method of manufacturing an organic EL element as daimed in daim 6,- wherein the blue luminescent layer is 

30 formed by a va^um de^sition m^'od. 

8. The method of manufacturing an organic EL element as daimed in daim 7, wherein the blue luminescent layer is 
made of an electron injection and transfer type material. 

35 9. The method of manufacturing an organic EL element as daimed in any one of daims 1 to 8 . wherein said at least 
one luminescent layer is laminated with a hole injection and transfer layer. 

10. The method of manufacturing an organic EL element as claimed In any one of daims 1 to 9, further comprising the 
step of forming a protective f im on the counter electrode. 

40 

11. The method of manufacturing an organic EL element as daimed in any one of claims 1 to 10, further conprising 
the step of forming on said transparent substrate electrodes for driving the respective pixels. 

12. The method of manufacturing an organic EL element as daimed in any one of claims 1 to 1 1 . wherein said pixel 

45 electrodes are transparent pixel electrodes. 

13. An organic EL element comprising: 

a transparent substrate: 

50 pixel electrodes provided on the transparent substrate; 

at least one luminescent layer having a certain color and made of an organic compotnd, said luminescent layer 
being patterned on the pixel electrodes by an ink-jet system; and 
a counter electrode formed on the luminescent layer. 

55 14. The organic EL element, as claimed in daim 13. wherein the organic compound is a pdymer organic compound. 

15. The organic EL element as daimed in daim 14. wherein the polymer organic compound is a hole injection and 
transfer type material. 
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16- The organic EL element as claimed in claim 14 or 15. wherein the polymer organic compound is a pdyparaphe- 
nylene vinytene or its derivative or a copolymer which contains at least either one of these compounds. 

17. The organic EL element as claimed in any one of claims 13 to 16. wherein said at least one luminescent layer com- 
prises three luminescent layers having different three colors, and at least two luminescent layers in the three lumi- 
nescent layers are formed ty patterning by means of an ink-jet method. 

ia The organic EL element as claimed in claim 1 7, wherein said three cotors indude red, green and blue, and the red 
luminescent layer and tho green luminescent layer are patterned by means of an ink-jet method. 

19. The organic EL element as claimed in any one of claims 13 to 18, wherein the blue luminescent layer is formed by 
a vacuum deposition method. 

20. The organic EL element as claimed in daim 19, wherein the blue luminescent layer is made of an electron injection 
and transfer typo material. 

21. The organic EL element as daimed in any one of claims 13 to 2Q, wherein said at least one luminescent layer is 
laminated with an electron injection and transfer type material. 

22. The organic EL element as daimed in any one of claims 13 to 31, further comprising a protective film formed on 
the counter electrode, 

23. The organic EL element as claimed in any one of daims 13 to 22. wherein said pixel electrodes are transparent 
pixel electrodes. 

24. An organic EL display device comprising the organic EL element as claimed in any one of daims 13 to 23. 
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FIG. 10 
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FIG. 11 
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